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1 Introduction 

The quant i ty  of  mineral matter contained in coal  is generally 5 t o  25 per cent  
of the t o t a l  contents .  Most of the mineral matter are contained in the form of sili- 
ca te ,  w h i l e  the  r e s t  of a few per cent  a r e  t race elements with more than 20 kinds 
including zinc, cadmium, lead, nickel ,  chromium, copper, and vanadium e t c . .  

A t  the present  moment, it would not  be so important to  f ind out the quant i ty  
of these P a c e  elements in coal  for  the purpose of recovering raw mater ia ls  except 
c e r t a i n  mater ia l s  such as germanium and gold, however to know the quant i ty  of t race  
elements in coal  is becoming more important for  the purpose of the environmental 
chemistry. 

There a r e  following problems in conducting the determination of t r a c e  elements; 

1) Concentration of the elements a r e  s l i g h t .  
2) Coal i s  composed of organic matter. 
3) Di f f icu l ty  i n  obtaining a standard sample required f o r  the determination. 

To cope with these problems, the Sample Research C o d t t e e ,  JUSE, has conducted 
a Round-Robin study with cooperation of seven labora tor ies  and t r i e d  to evaluate  the 
precis ion of the determination of trace elements in coal  and coke. Besides, i t  was 
considered t h a t  v o l a t i l i t y  l o s s  at the s tage  of pretreatment of sample might have 
occured f o r  t h e  elements with i n f e r i o r  reproducibi l i ty  such as  zinc. 

The r e s u l t  of the study is described here inaf te r .  

2 Experimental 

2-1 Design of Experiment 

Three kind of test samples crushed under 250um, shown in Table 1, were analyzed 
a t  seven labora tor ies  by the a n a l y t i c a l  method described below. 
w a s  analyzed two times and the measurement by the atomic absorption method was per- 
formed twice respec t ive ly .  

Each kind of sample 

Analytical procedure w a s  as  follows; 
Transfer l g  of the sample, weighed t o  the nearest  O.lmg, to a platinum dish.  

Add 5ml of HF and l O m l  of HNO3. Evaporate to white fumes to expel a l l  HF.Transfer 
the  sample to  200d beaker, add 3Oml of HNO3, and lOml of HCl04. 
and heat  u n t i l  the s o l u t i o n  becomes c lear .  Evaporate to dence white fumes. Cool, 
and approximately 50101 of water. F i l t e r  through a tex ture  paper, and wash the resi- 
due w i t h  warm H C 1  (2+100). Transfer the residue to  a platinum crucible ,  i g n i t e ,  
fuse with 2g of Na2S207, and then add to  the o r i g i n a l  so lu t ion .  Transfer t o  a l O O m l  
volumetric f lask ,  and d i l u t e  exact ly  t o  the  mark with water. Measure the  absorption 
of an a l iqua t  by an atomic absorption apparatus. 

2-2 Result of Experiment 

Cover the beaker, 

Original data  obtained a r e  shown i n  Table 2. About 600 data obtained a r e  
statis  t i c a l l y  analyzed, and the precis ion calculated by using ANOVA (nested design) 
a r e  suIlrmarized in Fig.  1, Fig. 2, and Fig. 3 respect ively.  ( See formulas ( l ) ,  (2) 
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Repeatabi l i ty  (Eryor due t o  pretreatment), 

EP = J(VL - VP) / 4 , C.V. rp = Tp / H x  100 ........... (2) 

< 
.( 2-3 Discussion 

> 2-3-1 Repeatabi l i ty  within same laboratory 
A s  is evident from Fig.  3, C . V .  of r e p e a t a b i l i t i e s  ( C . V . ~ E )  a r e  less than 10% 
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A.A.method. That is ,  the contents of cadmium are c lose  to  the detection l i m i t ,  
and the lack of s e n s i t i v i t y  fo r  the determination of lead may cause these in fe r i -  
or  precis ion respect ively.  

treatment should be ca r r i ed  out  i n  the fu tu re .  
3)  In case of t he  determination of zinc, the more p rec i se  s tud ie s  on the pre- 

Afterwords 

These s t u d i e s  were ca r r i ed  out i n  Japan p r i o r  to the f i r s t  i n t e rna t iona l  Roimd- 
Robin Study of ISO/TC 27/WG 14 (Trace elements). A p a r t  of the s t a t i s t i c a l  analy- 
sis on the above experiment was reported i n  a document I S O / T C  27/WG 14,  No. 6 
(Japan-6). 
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a l e  1 P r o x i r m t e  Analysis of the Sanples 

% of the A i r - D r i e d  C c a l  and Coke 
** SanPks M o i s t u r e   AS^ *v.M. F.C. 

U.S. Massey H.V. Coal 1.4 13.2 32.4 52.6 

Japamse Miike C o a l  9.9 6.5 38.3 54.2 

M e t a l l u r g i c a l  C o k e  0.1  11.6 0.5 87.8 

* V o l a t i l e  Matter ** Fixed Car& 

I 

Table 2 Trace Elemnts  in Coal and Coke 
PPM in Air-Oried W h o l e  Coal and Coke 

(1) Sanple : US. Massey H.V. Coal 
\ 

zn Cd Pb N i  C r  c u  V 
labe P, p, P, p, P, Pz PI P2 P1 Pn PI P2 PI p2 

A m, 29.0 17.2 0.26 0.26 5.15 3.83 11.2 U.9  15.2 17.2 16.9 16.5 34.3 30.4 
ma 27.7 17.2 0.13 0.26 6.47 5.15 10.6 10.6 17.2 17.2 15.3 15.3 29.0 27.1 

m, 27.1 26.0 0.34 0.45 8.58 8.32 12.5 12.5 20.5 19.4 17.2 19.3 32.1 30.8 
ml 27.3 26.4 0.34 0.43 8.05 8.05 12.5 12.5 20.7 19.4 17.2 18.3 32.1 30.8 

m, 11.6 23.0 0.95 2.09 4.22 0.26 18.6 12.7 14.7 22.7 16.6 26.6 30.6 33.4 
m l  12.0 20.7 LUS-L25 5.15 8.18 9.6 12.4  19.5 23.4 17.2 14.5 23.2 26.0 

m, 16.9 22.0 0.95 0.40 7.52 7.26 12.3 12.3 19.7 19.7 20.5 20.5 32.7 31.9 
mr 17.0 20.7 0.75 0.63 11.9 9.50 15.0 15.2 16.5 16.9 19.8 20.7 30.6 30.5 

E m, 23.9 18.6 0.48 0 10.6 11.9 2 0 . 6 m  _LI _&6_ 21.6 23.5 25.2 28.1 
m2 21.6 18.6 0.48 0 10.6 11.9 2 0 . 6 Z A  JJ, _&I 20.9 21.9 25.2-29.1 -. - 

m, 19.7 12.2 0.21 0.21 5.15 4.49 10.4 10.0 21.3 19.1 17.4 18.2 29.6 26.4 
m a  18.7 22.0 0.17 0.17 5.02 4.49 10.3 9.8 21i3 19.3 17.4 18.2 28.5 26.4 

m ,  21.8 18.1 0.32 0.18 3.34 5.41 11.9 11.5 17.7 18.9 19.0 16.8 31.2 31.9 
mz 21.6 18.2 0.26 0.22 2.38 5.68 12.1 11.7 17.4 18.5 18.5 16.4 31.2 31.7 

p ; pretreabrent , m : nrasuremnt - Outliers 
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(2) Sample ; Japanese Miike Coal 
al a Pb Ni cr cu V 

Lab. ~1 ~r P> ~z PZ PI PZ P, Pa PI P+ P T  pa 
i 

A m l  3.58 3.90 0.13 0.13 3.19 1.89 18.9 18.5 8.45 8.45 5.72 5.59 I 4.55 4.55 
m l  2.93 3.58 0.07 0 3.19 3.19 18.5 18.5 8.45 8.45 5.07 5.07 4.55 4.55 

m 1 m m  0.20 0.21 2.99 3.51 20.3 20.6 10.4 9.62 6.24 6.50 7.15 7.15 h 
ma=- 0.20 0.21 3.06 3.45 20.2 20.5 10.4 9.55 6.24 6.31 7.22 7.02 , 
m ,  U 2 L I  UQA, 3.25 3.45 49.4 7.5 8.13 11.0 5.59 5.46 4.62 6.96 
m r w _ 2 1 J .  2.21 1.56 22.8 13.0 9.75 11.4 5.72 6.24 4.75 10.9 

m ,  4.29 4.36 0.18 0.20 M U  19.9 19.8 9.43 10.9 6.50 6.63 5.92 6.57 
mr4.42 4.36 0.31 0.34 233- 22.1 21.4 8.84 9.10 6.37 6.37 4.75 5.92 

m l  5.20 4.10 0.12 0.12 3.90 3.25 25.3 23.7 2.86 2.85 6.70 6.70 4.68 8.00 
E m z  4.75 4.23 0.12 0.12 3.90 3.25 25.3 25.3 2.86 2.86 6.70 6.63 8.00 4.86 

m l  4.55 4.42 0.07 0.07 3.25 2.80 19.3 19.0 9.62 10.7 5.59 5.72 -42.3 
m; 4.55 4.36 0.07 0.07 3.38 2.80 19.2 19.2 9.69 10.5 5.66 5.86 4.42 4.21 

mt 9.00 6.50 
rnz 7.67 6.50 

0.10 0.10 
0.11 0.11 

13.7 14.0 
14.0 13.3 

9.62 9.69 
8.71 8.58 

5.66 6.11 5.98 6.50 
8.85 6.11 5.98 6.50 

(3) Sanple : Metal lurg ica lCOke 

Zn cd Pb Ni cr cu V 

lab* PI Pz P1 P2 PI P2 PI P2 PI P2 PI P2 P1 p2 

24.4 14.5 0.23 1.16 4.52 5.68 41.8 43.5 22.6 19.1 24.4 24.4 47.6 46.4 
A 24.4 13.3 0 1.16 6.73 7.89 40.6 42.3 22.6 20.9 21.8 22.9 55.1 51.0 

16.2 16.0 0.25 0.34 5.92 6.38 44.7 44.7 24.9 24.0 24.9 25.8 55.3 54.9 :; 16.2 16.2 0.24 0.34 6.03 6.38 44.4 45.2 25.1 24.0 24.9 25.8 55.1 54.3 

10.2 12.1 0.37 1.30 4.41 2.20 78.3 7.0 19.7 34.8 24.2 21.5 30.2 45.8 ti 10.3 17.6 0.41 1.31 6.73 4.87 41.8 23.2 20.3 24.4 24.8 24.0 36.0 48.7 

15.2 13.5 0.43 0.38 9.05 9.63 44.3 44.3 22.9 21.9 26.8 26.9 56.0 53.2 ':: 14.6 13.9 0.58 0.57 10.4 8.70 50.6 50.2 18.7 21.7 25.8 25.8 55.3 55.0 

16.7 15.3 0.42 0 9.28 5.92 48.4 50.7 7.5 7.5 28.8 28.8 41.8 42.8 
E :: 16.1 15.3 0.42 0.21 6.96 5.92 51.2 54.8 7.5 7.5 28.8 29.0 33.4 34.1 

14.0 13.9 0.14 0.14 4.99 4.64 47.8 71.3 27.8 25.3 25.9 25.3 50.8 51.3 
?z 14.0 13.9 0.21 0.21 4.99 4.87 48.0 71.6 27.5 24.9 25.9 25.5 49.9 52.0 

15.3 15.5 0.17 0.21 6.26 2.09 39.9 40.4 23.3 23.9 24.8 24.1 61.2 49.2 
15.5 15.1 0.15 0.19 5.92 1.74 39.4 39.4 23.0 23.9 26.4 26.0 55.2 58.0 
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Fig. 3 E r r o r  due to  Atamic Absarpticm Analysis 
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Table 3 Detection L i m i t  and Sens i t i v i ty  
of the Atomic Absorption Method 

zn 2138 0.02 0.04 0.1-0.2 

cd 2288 0.002 0.02 01.02-0.04 

Pb 2833 0.03 0.5 0.03-0.07 

N i  2320 0.005 0 . 1  0.06 -0.2 

Cr 3579 0.003 0.08 0.03 -0.2 

cu 3247 0.005 0.1 0.06 -0.2 

V 3514 0.04 1.3 0.06 4 . 3  

f SI t 

I I 

M M 

Fig. 4 Ccmpariscn of Analytical Values of Zinc anl N i c k e l  in Coal and Coke 
by Three Decorposition Wthod 
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